The mechanism for blob generation in a toroidal magnetized plasma is investigated using time-resolved measurements of two-dimensional structures of electron density, temperature, and plasma potential. The blobs are observed to form from a radially elongated structure that is sheared off by the E B flow. The structure is generated by an interchange wave that increases in amplitude and extends radially in response to a decrease of the radial pressure scale length. The dependence of the blob amplitude upon the pressure radial scale length is discussed. In this Letter, we investigate experimentally the dynamics of blobs and identify a generation mechanism on the TORPEX toroidal device [9] . In TORPEX, blobs are observed to originate at the crest of a coherent interchange wave [10] . A simple magnetic configuration is used with both toroidal and vertical field components. Low temperature and density plasmas allow measurements of local parameters with high spatial and temporal resolution across the entire plasma cross section. The generation mechanism is studied using time-resolved two-dimensional (2D) profiles of electron density and temperature, plasma potential, and E B velocity, which are conditionally sampled over many blob events. Blobs are observed to form from radially elongated structures that are sheared off by the E B flow. These structures develop from an interchange wave that increases in amplitude and extends radially in response to a decrease of the radial pressure scale length. We discuss the dependence of the blob amplitude upon the pressure radial scale length. These results detail a fundamental phenomenon in plasmas and can be used to validate theories and numerical simulations of blob dynamics [11] . Similarly to the tokamak scrape-off layer (SOL), the magnetic configuration features open field lines, a rB, and magnetic field curvature. Blobs in TORPEX exhibit universal statistical properties with strong similarities with observations in the tokamak SOL [12] . Thus, the observed dynamics may shed light on the blob ejection mechanism in tokamaks, where there are strong indications that blobs result from interchange instabilities in the SOL [13] .
The mechanism for blob generation in a toroidal magnetized plasma is investigated using time-resolved measurements of two-dimensional structures of electron density, temperature, and plasma potential. The blobs are observed to form from a radially elongated structure that is sheared off by the E B flow. The structure is generated by an interchange wave that increases in amplitude and extends radially in response to a decrease of the radial pressure scale length. The dependence of the blob amplitude upon the pressure radial scale length is discussed. In a variety of magnetic confinement devices, such as tokamaks [1] [2] [3] , stellarators [4] , reversed field pinches [5] , and linear devices [6 -8] , intermittent cross-field transport of particles and energy are associated, at least in part, with the propagation of plasma blobs. These are poloidally localized regions extending along the field lines where the plasma pressure is enhanced compared to the surrounding plasma. How blobs are generated remains an open question.
In this Letter, we investigate experimentally the dynamics of blobs and identify a generation mechanism on the TORPEX toroidal device [9] . In TORPEX, blobs are observed to originate at the crest of a coherent interchange wave [10] . A simple magnetic configuration is used with both toroidal and vertical field components. Low temperature and density plasmas allow measurements of local parameters with high spatial and temporal resolution across the entire plasma cross section. The generation mechanism is studied using time-resolved two-dimensional (2D) profiles of electron density and temperature, plasma potential, and E B velocity, which are conditionally sampled over many blob events. Blobs are observed to form from radially elongated structures that are sheared off by the E B flow. These structures develop from an interchange wave that increases in amplitude and extends radially in response to a decrease of the radial pressure scale length. We discuss the dependence of the blob amplitude upon the pressure radial scale length. These results detail a fundamental phenomenon in plasmas and can be used to validate theories and numerical simulations of blob dynamics [11] . Similarly to the tokamak scrape-off layer (SOL), the magnetic configuration features open field lines, a rB, and magnetic field curvature. Blobs in TORPEX exhibit universal statistical properties with strong similarities with observations in the tokamak SOL [12] . Thus, the observed dynamics may shed light on the blob ejection mechanism in tokamaks, where there are strong indications that blobs result from interchange instabilities in the SOL [13] .
In the TORPEX (major radius R 1 m, minor radius a 0:2 m) experiments investigated here, hydrogen plasmas are produced and sustained by microwaves in the electron cyclotron range of frequencies [14] . A microwave power of 400 W is used in a toroidal magnetic field of 76 mT on axis and a vertical magnetic field B z 2:3 mT, which results in a vertically elongated plasma configuration. The plasma source is localized on the high field side (HFS), with negligible plasma production for r 5 cm [14] . Figure 1 PRL 100, 055004 (2008) P H Y S I C A L R E V I E W L E T T E R S week ending 8 FEBRUARY 2008 0031-9007=08=100(5)=055004 (4) 055004-1 © 2008 The American Physical Society tally [14] . The E B velocity is evaluated from v EB ÿr V pl B=B 2 . The profiles of pressure and plasma potential peak in the HFS region and decrease toward the low field side (LFS). The v EB field in Fig. 1 (c) is almost vertical for r * 0 with a z component, v z;EB , which is radially sheared. The inverse radial pressure gradient scale length j L ÿ1 pe j jr r p e j= p e has a maximum on a vertical line at r 1 cm; see Fig. 1(a) . Within the experimental uncertainty, this corresponds to the position of the maximum j v z;EB j, represented by a dashed line in Fig. 1 k z are measured using a two-point correlation technique [15] . The wave propagates upward with a velocity of 1200 ms ÿ1 , consistent with the time-averaged v EB profile in Fig. 1(c) . The wave is identified as an interchange mode by solving a linearized Hasegawa-Wakatani model [16] , taking the magnetic field curvature and gradient into account together with the measured time-averaged density and v EB profiles. This mode is found to be unstable, with fastest growth rate for k k 0. For k z 30:6 m ÿ1 , the real frequency of the mode is 4 kHz, in agreement with the experimental value.
In the source-free region, the fluctuation spectrum is broad and exempt from coherent modes. The skewness is positive (S 1) indicating the occurrence of intermittent bursts as shown in Fig. 2(d) . 200 s, as evaluated by a spatiotemporal pattern recognition method [17] . The velocity pattern is not sensitive to the choice of the parameters used to identify the structures. The pattern suggests that the bursts are associated with the presence of blobs that originate in the main plasma region and propagate outward into the source-free region as individual coherent structures over distances of the order of the minor radius.
To investigate the mechanism for blob generation, timeresolved 2D profiles of n e , T e , V pl and velocity fields are required. These are obtained by performing a conditional sampling [18] 
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055004-2 and is its standard deviation over the whole discharge with = I ref 0:45. As detailed below, this is used to investigate the link between the blob amplitude and the pressure scale length. Since blobs are not synchronous with the sweeping signal, the full conditionally sampled I-V probe characteristic can be reconstructed [14, 19] which is then used to extract n e , T e , and V pl . The upper bound of the overall uncertainties for these quantities is estimated as 30% using error propagation analysis. By moving the probe between discharges over a 25 20 cm 2 section in the r-z plane, Fig. 2(b) , we obtain 2D profiles with 1 cm radial and 1.8 cm vertical resolution, from which the E B velocity profile is reconstructed.
For the class of blobs defined by 4:5 Ĩ ref 4:7, Fig. 3 illustrates the results of the conditional sampling of 600 blobs over three identical 2.7 s long plasma discharges. Figure 3(a) shows the time evolution ofñ e in the mode region (red) and in the source-free region (black). The dynamics of blob formation and ejection from the interchange wave is captured by frames (c)-(e). A radially elongated density structure forms from the positive cell of the wave, Fig. 3(c) . The formation of this structure follows from the convection of plasma by the E B flow in a corridor that extends radially over several ion sound radii ( s 0:3 cm), Fig. 3(c) . In this corridor, the velocity is mainly in the radial direction and is dominated by the E B velocity. In Fig. 3 (e) for t ÿ6 s, the elongated density structure is convected upward in a sheared velocity field that moves HFS and LFS parts of the density structure with different vertical velocities. A relative displacement between them is obtained, Fig. 3(d) . Eventually, the original density structure breaks into two parts, Fig. 3(e) , and the new structure on the low field side forms a plasma blob.
The role of the E B flow in shearing off the density structure can be quantified by computing the shearing time [21] 1= sh k z L r =2@v z;EB =@r, where L r is the radial width of the shear layer and k z is the wave number in the z direction. Both L r and v z;EB are estimated by averaging the instantaneous values over the trajectory of the positive cells. For the data set considered here, using L r 0:03 m, k z 30:6 m ÿ1 , and @v z;EB =@r 3 10 4 s ÿ1 , we find sh 200 s. The shearing time sh is of the same order of the transit time tr 2=k z v z;EB 200 s during which a density structure moves upward by 2=k z . These estimates confirm that the E B flow can shear the density structure that forms from the wave.
In Fig. 4 , we illustrate the mechanism driving the elongation of the density wave crest. In Fig. 4(a) , a zoomed view of the instantaneous pattern of the fluctuatingṽ EB is shown together with the total pressure contours. The interchange mechanism that exchanges a zone of high plasma pressure with a zone of low plasma pressure is clearly at play. The local radial pressure gradient driving the interchange instability is maximum in the region where the pressure negative wave crest is localized, Fig. 4(a) . The time evolution of jL ÿ1 pe j in the wave frame at the position of maximum intensity is shown in Fig. 4 (c) together with that of the mode amplitude, Fig. 4(b) . The latter is evaluated at PRL 100, 055004 (2008) P pe j max 110 m ÿ1 at t ÿ260 s. This is followed by an increase of the mode amplitude which leads to a larger radial v EB and to the elongation of the positive wave crest.
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In order to investigate the link between the blob amplitude and the pressure scale length, we perform the conditional sampling analysis over the eight different classes of blob amplitudes previously defined. For each class, the temporal evolution of jL ÿ1 pe j and mode amplitude is similar to Fig. 4 . Figure 5 shows the dependence upon the blob amplitude of jL ÿ1 pe j max and of the averaged values of jL ÿ1 pe j in a 200 s time window centered, respectively, 400 s before and after the blob event. These values correspond to a stationary gradient before and after the blob ejection and do not show a strong dependence upon the blob amplitude. This suggests that the blob removes the excess of gradient and brings the profile back to the starting condition. A monotonic and faster than linear dependence of jL ÿ1 pe j max upon the blob amplitude is found, showing that the ejection of blobs is preceded by an increase of the pressure gradient that leads to blobs with larger amplitude for larger jL ÿ1 pe j max . In summary, we have identified experimentally a mechanism for blob generation from interchange waves in a simple, magnetized toroidal device. The results show that when a blob is generated the following sequence of events occurs: (1) the local pressure gradient length decreases, providing an increase of the drive for the interchange mode; (2) the mode increases in amplitude and radially expands; (3) the radially elongated structure is sheared off by the E B flow, forming the blob.
The present results represent an important test bed for validating both theoretical models and simulations of blob dynamics. In tokamak geometry, a link between a local increase of the radial pressure gradient and the blob formation has recently been predicted for the edge region [22] . The identification of the blob generation mechanism may open new venues for controlling edge turbulent transport.
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